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(54) CONTROLLER FOR AUTOMOBILE 

(57) A controller for automobile which is provided 
with a nonvolatile memory which is incorporated in a 
vehicle control computer and stores control software, 
and an auxiliary storage device which sets an unerasa- 

FIG. 1 
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ble area to the nonvolatile rnemory and revtnites the 
control software in an unerasable area in new control 
software. 
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Descripti n 



[0001] The present invention relates to a vehicle con- 
troller capable of changing corrtrol softwvare to a control 
algorithm newvly developed to improve the performance 
early and by a relatively inexpensive apparatus in a 
market after selling a vehicle. 

f^ricqrQnnd Art 

[0002] An electricix>wer-steering controller is 
described below as one of the conventional veNde con- 
trollers. Figure 3 is a circuit diagram of the conventional 
power-steering controller disclosed in Japanese Patent 
Application No. 5:64268 in which a part of the controller 
is shown by a block diagram. In Figure 3. a motor 40 for 
outputling an auxiliary torque to a vehicle steering 
wheel (not illustrated) is driven by a motor cun^ent If^ 
supplied from a battery 41 . The ripple conponent of the 
motor current IM is absorbed by a capacitor 42 having a 
large capacity (1 .OOOfiF to 3.600nF) and detected by a 
shunt resistor 43. Moreover, directions and values of the 
motor cunent IM are switched in accordance v«th the 
operation of a bridge circuit 44 having a plurality of sem- 
iconductor swrtching devices (e.g. FETs) Q1 to Q4 in 
accordance with the magnitude and direction of the aux- 
iliary torque. 

[0003] One end of the capacitor 42 is connected to the 
ground by a conductive wrire L1. The semiconductor 
switching devices Q1 to Q4 are bridge-connected by 
wiring patterns PI and P2 to constitute a bridge circuit 
44. Moreover, the wiring patterns PI and P2 connect 
the bridge circuit 44 to the shunt resistor 43. The output 
terminal of tiie bridge circuit 44 is constituted witii a wir- 
ing pattern P3. 

[0004] The motor 40 and t>attery 41 are connected to 
the bridge circuit 44 tiirough the wiring pattern P3 by a 
connector 45 having a plurality of lead terminals. The 
motor 40 and battery 41 are connected to the connector 
45 by an external wiring L2. The motor current IM is 
supplied or cut off by a normally-open relay 46 accord- 
ing to necessity. The relay 46. capacitor 42, and shunt 
resistor 43 are connected each other a wiring pattern 
P4. The connector 45 is connected to the ground by a 
wiring pattern P5. The wiring pattern P3 serving as the 
output terminal of the bridge circuit 44 is connected to 
the connector 45. 

[0005] The motor 40 ts driven by a driving circuit 47 
through the bridge circuit 44. Moreover, the driving cir- 
cuit 47 drives the relay 46. The driving circuit 47 is con- 
nected to the exciting coil of tiie relay 46 by a conductive 
wire L3. Moreover, the driving circuit 47 is connected to 
the bridge circuit 44 by a conductive wire L4. The motor 
cun^ent IM is detected by a motor current detection 
means 48 in accordance with the voltage appearing at 
the botti ends of the shunt resistor 43. The driving drcurt 



47 and motor current detection means 48 constitute th 
peripheral circuit lament of a microcomputer 55 to be 
mentioned later. 

[0006] The steering torque T of a steering wheel is 

5 detected by a torque sensor 50 and tiie speed V of a 
vehicle is detected by a speed sensor 51. The micro- 
computer 55 (ECU) conrputes an auxiliary torque in 
accordance writii the steering torque T and vehicle 
speed V, generates a driving signal conesponding to 

10 the auxiliary torque by returning the nKxtor current IM, 
and outputs a rotational direction command Db and a 
current controlled variafcrfe Iq for cpntrolling tiie bridge 
circuit 44 to the driving circuit 47 as driving signals. 
[m07] The microcomputer 55 is provided with motor 

15 current decision means 56 for generating the rotational 
direction command Dq for the nrxstor 40 and a motor cur- 
rent command Im corresponding to an auxiliary tongue, 
subtraction means 57 for computing a cunrent deviation 
Al between the motor cunrent command Im and tiie 

20 motor current IM, and PID operation n>eans 58 for com- 
puting correction value© of P (proportion) term, I (inte- 
gration) temi. and D (dmerentiation) term in accordance 
with the cirrent deviation Al and generating the cunrent 
controlled variable Iq con-esponding to a PWM duty 

25 ratio- 

[0008] Moreover, though not illustrated, the microcom- 
puter 55 includes a publicly-known self-diagnostic func- 
tion in addition to an AD converter and a PWM timer 
circuit, always self-diagnoses whetiier a system nor- 
30 mally operates, and cuts off the motor current IM by 
releasing the relay 46 through tiie driving circuit 47 
when a trouble occurs. The microcomputer 55 is con- 
nected to tiie driving circuit 47 ttirough a conductive 
wire L5. 

35 [0009] Then, operations of a conventional electiric- 
pow^-steering controller are described below by refer- 
ring to Figure 3. The microcomputer 55 captures the 
steering torque T and vehicle speed V from tiie torque 
sensor 50 and speed sensor 51. feedt^ck-inputs tiie 

40 motor cun-ent IM from tiie shunt resistor 43. and gener- 
ates the rotational direction comnr^nd Dq of a power 
steering and the cunent controlled variat>ie Iq cone- 
sponding to an auxiliary torque to output them to tiie 
driving circuit 47 through the conductive wire L5- 

45 [001 0] The driving circuit 47 closes tiie normally-open 
relay 46 in accordance with a conunand through the 
conductive wire L3 under a normally driving state but it 
generates a PWM driving signal when the rotational 
direction command Dq and current controlled variable Iq 

50 are input and applies tiie signal to tiie senr^conductor 
switching devices Q1 to Q4 of the bridge circuit 44 
through the corKluctive wire L4. 

[0011] According to the above circuit structure, the 
motor cunent IM is supplied from the battery 41 to tine 
55 motor 40 tiirough the external wiring L2, connector 45. 
relay 46. wiring pattern P4, shunt resistor 43. wiring pat- 
tem P1, bridge circuit 44, wiring pattern P3, connector 
45, and external wiring L2. The motor 40 is driven by tiie 



2 



i 



3 EP0 9 

motor current IM to output a required mount of auxiliary 
torque in a required direction. 

[0012] In this cas , the motor current IM is detected 
through the shunt resistor 43 and motor current detec- 
tion means 48 and returned to the subtraction means 57 
in the microcomputer 55 and thereby, controlled so as to 
coincide with the motor current command Im. Moreover, 
though the motor cun^ent IM includes ripple components 
because of the svvitcfiing operation of the bridge ctrcurt 
44 under PWM driving, it is smoothed and controlled by 
the large-capacity capacitor 42. 
[0013] A vehicle controller including this type of elec- 
tric-power-steering controller conventionally uses a 
microconrputer having a built-in mask ROM storing con- 
trol software such as control data and control programs. 
[001 4] However, because it is necessary to secure a 
predetermined mask FSOM fat>rication period under 
short-time system development it is not temporally per- 
mitted to re-fabricate a mask ROM due to re-modifica- 
tton of software specif ication and it is necessary to early 
f be thi^'software specification. Therefore, ttiis causes the 
loacte of develbpm^ engineers to increase. 
[0015] Moreover, also when cfianging control software 
for a newly-developed control algorithm in order to 
improve the performance in a market, it is necessary to 
secure a predetermined mask ROM falxicalion perfod. 
However; it is impossifcrfe to re-fabricate a mask ROM 
because of changing the control software for the newly- 
developed control algorithm arxi to early change the 
control software in accordance with the newly-devel- 
oped control algorithm. Furthermore, to reload the con- 
trol software in a market, it is necessary to prepare an 
inexpensive auxiliary storaga 

[001 6] General controJ software is constituted with the 
part of discrete corresponding data between an 
input/output unit connected to a controller and the con- 
troller, the part of intrinsic data (e.g. torque-sensor neu- 
tral point learning data after final comtMnation of the 
torque sensor 50 serving as an input/output unit with the 
controller of a vehicle or troutde history data in the con- 
troller mounted on a vehicle in a market after selling the 
vehicle), and the part of control algorithm. 
[0017] Thus, the stored intrinsic data content of the 
intrinsic data storage t>tock (region) in the control soft- 
ware of a storage to be mentioned later corresponds to 
each input/output unit and the controller one to one. 
Therefore, to reload the control software in a market, it 
is necessary to change the irrtrinsic data storage block 
(region) to an unerasatrfe k>lock (region). 
[0018] The present invention is made to solve the 
above problem and its object is to provkle a vehicle con- 
troller making it possible to relatively inexpensively, eas- 
ily, early change control software in a market after 
selling the vehicle correspondingly to performance 
improvement. 
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Disclosure of the Invention 
[0019] 

5 1. An occasionally-erasable nonvolatile mentory 

buitt in a vehicle control conputer arxJ storing con- 
trot processing information and auxiliary storage 
means for setting an unerasable region to the occa- 
sionally-erasat>le nonvolatile memory arxi updating 

10 the control processirKi information in an erasatile 
region to new control processing -information are 
used. 

2. The auxiliary storage means is constituted by 
adding an informatfon writing function to the occa- 
15 sionally-erasatrfe nonvolatile memory of a trouble- 
shooting unit for reading trouble history information 
from the memory txiitt in the vehicle control conrpu- 
ter 

3: The auxOiary storage means is provided with 
20 means for deciding whether the control processing 
information in the unerasable regkm of the occa- 
sionally-erasable nonvolatile membry is updated. 

4. The vehicle control conputer is provided with 
another nonvolatile memory for storing the control 

25 processing information in the unerasable region in 
addition to the occasionally-erasable nonvolatile 
memory. 

5. Storage connection means for setting the occa- 
sionally-erasable nonvolatile memory to the erasa- 

30 t>le mode when the auxiliary storage is connected is 
used. 

Brief Description of the Drawings 
35 [0020] 

Rgure 1 is a block diagram of the electric-power- 
steering controller of an embodiment of the present 
irtvention: 

40 Figure 2 is a flow chart showing a procedur for 
updating the control software in the ^ectric-power- 
steering controller of an embodiment of the present 
invention; and 

Figure 3 is a block diagram of a conventional elec- 
ts tric-power-steering controller. 

Best Mode for Car rying Out the Invention 

[0021] Operations of an electric-power-steenng con- 
so troller of the present invention are described t>elow 
mainly on the control-software updating operation by 
referring to the accorrpanying drawings. Rgure 1 is a 
block diagram of the electric-power-steering corrtroller 
of this emt>odim^ Rgure 2 is a f fow cfiart showing a 
55 procedure for updatir^g the control software of this 
errtocfiment In Rgures 1 and 2. a symbol same as that 
in Figure 3 shows a portion same as or conesponding 
to that in Rgure 3. In Rgure 1, symbol 52 denotes an 
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input control section for inputting a sensor signal to a 
microcomputer from a torque sensor 50 or speed sen- 
sor 51 , and 59 denotes a storage txjilt in a microconv 
puter 55. The storage 59 comprises an occasionally- 
erasable nonvolatile memory (e.g. flash memory) capa- 5 
tAe of occasionally updating control software from an 
external unit. Synriol 60 denotes a storage connection 
circuit serving as an input/output interface disposed out- 
side of the microcomputer 55 in the controller and 70 
denotes an auxiliary storage for^ accessing the storage 
59 through the storage connection circuit 60 to read or 
update control software. Then, operations of this 
embodimertt are descrft>ed in accordance with the flow 
chart in Figure 2. To update control software, the auxil- 
iary storage 70 is first connected to the controller. The 
storage 59 built in the microconnputer 55^ is set to the 
erasable mode by the storage connection drcuit 60 
(step S2) when the auxiliary storage 70 is connected 
(step S1). The auxiliary storage 70 successively desig- 
nates a block number for updating the control software 
in the storage 59 (step S3), supplies the update data to 
the microcomputer 55 in the controller, and the micro- 
conr^uter 55 updates the control software in the storage 
59 (step S4). 

[0022] Control software is updated by excluding an 
intrinsic-data storage block (region) serving as an 
unerasat)le block (region). When designated blocks are 
updated, it is confirmed whether updating of every block 
to be updated is completed (step S5). Unless updating 
is completed, step S3 is restated. After updating is com- 
pleted, the auxiliary storage 70 collates the original data 
in an unerasable t^ock with the post data after updating 
other blocks in order to confirm whether the data in the 
unerasatkle block is kept in the original state (step 36). 
[0023] Moreover, the storage 70 confirms whether the 
data in the unerasable block is kept in the original state 
(step S7) and when the data is kept in the original state, 
it decides that the data in the unerasatrfe block (region) 
is not updated and completes updating. However, when 
it is confirmed that the data is not kept in the original 
state in 87, the storage 70 decides that writing Is abnor- 
mal and displays a trout)le indication on a not-illustrated 
display portion (step 38). 

[0024] However, when storing a part of control soft- 
ware including unerasable data in another nonvolatile 
m mory. it is unnecessary to establish an unerasable 
block (region) to update control software. 
[0025] Then, an inexpensive method for preparing the 
auxiliary storage 70 is described below which is an 
object of the present invention. As described atx>ve, the 
controller incudes a setf<iiagnostic function to always 
self-diagnose whether the system normally operates. If 
a troufcrfe occurs in the system, the controller stops the 
system arxi stores the trout5l portion and trout>l con- 
tents in the menrKwy biM in the microconnputer 55. 
[0026] Moreover, a not-illustrated troubleshooting unit 
is prepared at the dealer side of a vehicle so that a trou- 
ble portion and its contents can be easily decided when 



the system is broken. By connecting the troubleshooting 
unit to the controller, troubleshooting can be performed. 
The troubleshooting unit is generally provided with an 
operating section and a display sectfon arKi moreover, 
provided with a function for communication with the 
microconnputer 55 and a storage. 
[0027]. The auxiliary storage 70 has many functional 
sections common to the troubleshooting unit (e.g. oper- 
ating section^ display section^ and communicative sec- 
tion). Therefore, by repladng a conventional control- 
software storing mask ROM Ixiill in the microcomputer 
55 with a flash memory and adding a function which 
works when control software is changed to update the 
data in the flash mennory to the troubleshooting unit, it ts 
possit^le to use the troubleshooting unit as the auxiliary 
storage 70. Moreover, by adding a data-collation soft- 
ware processing function to the troiiDleshooting unit, an 
advantage tst obtained that error correction of update 
data can be relatively easily realized. . 
[0028] ^ Therefore, by remodelingran existing trouble- 
shooting unit and adcfing two or three. functions to the 
unit, it is possible to inexpensively constitute an auxSiary 
storage having a data update function corrpared to the 
case of newly constituting an auxiliary storage having 
the data update function. 

[0029] As described at>ove. according to tNs emtxxJi- 
ment; an advantage Is obtained that the early change of 
the control software for performance improvement in the 
electric-power-steering controller can be easily per- 
formed by a relatively inexpensive unit also in a market 
after sellirrg a vehicle by making the control software 
erasakrfe by the auxiliary storage 70. 
[0030] By remodeling an existing trouttteshooting unit, 
it is also possible to inexpensively constitute an auxiliary 
storage 70 compared to the case of newly constituting 
an auxiliary storage. 

[0031 1 This embodiment is described abovX a case of 
applying the emfcKxliment to an electric-power-steering 
controller. However, it is needless to say that the same 
advantage is also obtained by applying the embodiment 
to another vehicle controller (e.g. vehicle engine control- 
ler). 

Industrial Apolicabilitv 

[0032] The present invention provides a vehicle con- 
troller making it possible to early change control soft- 
ware by a relatively inexpensive unit also in a market 
after selling a vehicle by using a corrtrol microcomputer 
having a txiilt-in nonvolatile storage (e.g. flash merrxjry) 
as a storage for storing the control software. 

Claims 

1. A vehici controller comprising an occasionally- 
erasabl nonvolatile memory txjilt in a vehicle con- 
trol computer and storing control processing infor- 
mation and auxiliary storage means for setting an 
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unerasaWe region to sakJ occasionally-erasable 
nonvolatile memory arxJ updating the control 
processing information in an erasat)le region to new 
control processing information. 

5 

2. The vehicle controller according to daim 1 , wheren 
said auxiliary storage means is constituted by add- 
ing an information updatir)g function to an occasion- 
ally-erasable nonvolatile memory in a 
troubleshooting unit for reading trout)le history infbr- io 
mation from a memory built in a vehicle control 
computer. 

3. The vehicle controller according to claim 1 or 2. 
wherein said auxiliary storage means is provided is 
with means for deciding whether the control 
processing information in the unerasabte region of 

an occasionally-erasable nonvolatile memory is 
updated. 

20 

4. The vehicle controller according to daim 1 , wherein 
a vehtde control conrputer is provided with another 
nonvolatile memory for storing unerasable control 
processing information in addition to an occasion- 
ally-erasable nonvolatile memory 25 

5. The vehicle controller according to any one of 
claims 1 to 4. wherein a storage connection means 
is included which sets an occasionally-erasable 
nonvolatile menrK)ry to the erasable mode when an 30 
auxiliary storage is connected. 
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